methods are used as second-line or even third-line options, while the frequency of long-term use is still affected by side effects and complications (Mulhall et al., 1999) . They are powerless for potential pathophysiology of ED (Feldman, Goldstein, Hatzichristou, Krane, & McKinlay, 1994) .
In 2010, Vardi, Appel, Jacob, Massarwi, and Gruenwald (2010) first reported the use of low-intensity extracorporeal shockwave therapy (Li-ESWT) in the treatment of ED; before that, the method had been proved to improve vascular function in other experiments, and, the method was tolerable and effective, indicating the physiological effects on cavernous hemodynamics. After 8 years of long-term clinical observation, Li-ESWT has gradually become a therapeutic option by physicians in ED treatment. Lu et al. (2017) and (Clavijo, Kohn, Kohn, & Ramnsamy, 2017) completed their meta-analyses about the effect of Li-ESWT in treating ED in 2016 and published their articles the following year. Since then, some new and high-quality randomized controlled trails (RCTs) about Li-ESWT on ED treatment had been published in the past 2 years. More and more countries have gradually carried out this treatment in clinic, which leads to a large amount of new clinical evidence that needs to be reassessed to explore whether Li-ESWT can improve the International Index of Erectile Function erectile function domain (IIEF-EF) and the Erection Hardness Score (EHS) in patients with ED. A systematic review and meta-analysis have been performed about the topic of Li-ESWT in treating ED in which the IIEF-EF and EHS were assessed and compared with sham therapy, seven RCTs were included to the meta-analysis.
Methods

Search Strategy
The electronic databases of MEDLINE, EMBASE, Clinicaltrails.org., China National Knowledge Infrastructure Database (CNKI), Wan fang Database, China Biology Medicine Database (CBM), VIP Science Technology Periodical Database, and Cochrane library were retrieved; related articles were collected and selected from January 2010 to June 2018. The search terms used through the internet were: "[(Shock Wave) OR (Shockwave) AND erectile dysfunction]." This systematic retrospective and meta-analysis is carried out in strict accordance with the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Moher, Liberati, Tetzlaff, & Altman, 2009) . Since the purpose of meta-analysis is to summarize previous studies, ethical approval and informed consent are not necessary. A flow diagram for study selection is presented in Figure 1 .
Inclusion Criteria and Trial Selection
The studies included must be RCTs about Li-ESWT on the treatment of ED, and the IIEF-EF, EHS, or other indexes were necessary for the assessment of the disease. There were no restrictions on language of publication, minimum number of patients in the study, use of PDE5is during the treatment period, and the severity of the disease. Only the largest or recently studies were included when similar patients and same methods used. The exclusion criteria of trails were: articles unrelated to the analysis, lack of essential information on patients or intervention measures of the treatment, nonoriginal research, reviews, comments, cohort studies, animal models, and case reports.
Data Extraction
Related data in the included articles were extracted independently by three investigators (Liang Dong, Yali Yang, Shanshan Yong) according to the PRISMA statement, and all discrepancies were resolved through adjudication and discussion by other reviewers. The words in abstracts such as "randomized" or "quasi-randomized" were used in all studies, regardless of whether they were blind or not. For each study, the following information were extracted: first author's name, year of publication, publication type, practice setting, duration of follow-up, population, model of Li-ESWT machine, evaluation tools for ED (IIEF-EF, EHS, the others), sample size, mean or median participant age, and participant inclusion and exclusion criteria.
Quality Assessment
The quality of the RCTs was evaluated by the Cochrane Risk of Bias Assessment tool. The items of randomization, method to generate the sequence of randomization, randomization concealment, blinding, results data integrity, selective outcome reports, and other potential bias sources were assessed (Higgins & Green, 2011) . Graph and summary about risk of bias were produced with RevMan 5.3. (Review Manager, 2014) . All the domains were independently assessed by three trained investigators (Liang Dong, Yali Yang, Shanshan Yong). All the disputes were resolved by a fourth professional reviewer through discussion and adjudication.
Data Synthesis and Analysis
The average IIEF-EF and EHS scores measured before and after treatment with Li-ESWT or sham therapy in each study were calculated. Statistics analyses were estimated with RevMan 5.3 and Stata/SE 14.1. Statistical tests were two-sided and used p value less than .05 as a significance threshold. The Egger test and Funnel plot were used for investigating publication bias to small study effects (Egger, Smith, Schneider, & Minder, 1997; Sterne & Egger, 2001 ). Sensitivity analysis was conducted by continuously excluding the impact of individual studies on overall aggregated estimates (Viechtbauer, 2010) . The heterogeneity between studies was assessed by standard X 2 test and I 2 statistics (Higgins, Thompson, Deeks, & Altman, 2003) . If heterogeneity existed (p < .05), data were analyzed using a random effects model or a fixed-effects model (Borenstein, Hedges, Higgins, & Rothstein, 2010) .
Results
Study Characteristics
The meta-analysis included seven RCTs involving 522 participants (see Table 1 ). Five clinical studies used Omnispec ED1000 (Medispec Ltd., Yehud, Israel), and the remaining two used a piezoelectric linear therapy source (FBL10, Richard-Wolf GmbH, Knitlingen, Germany), and Li-ESWT equipment and a handheld Duolith ® SD1 machine (Storz, Tägerwilen, Switzerland), respectively. Figure 2 represents how the main machines used in the majority of the studies work. All the seven studies were RCTs, while the control group received sham therapy with shock wave probes, which looked and sounded similar to active therapy probes. All the studies indicated that the patients included had vasculogenic ED or called organic ED. The study by Kitrey et al. (2016) included patients with moderate and severe ED who also took PDE5is during the Li-ESWT process. Three studies by (Kalyvianakis et al., 2017; Olsen, Persiani, Boie, Hanna, & Lund, 2015; Srini, Reddy, Shultz, & Denes, 2015) included patients with mild to moderate, moderate, and severe ED. The remaining three studies did not specify the severity of the disease. Five studies were conducted in Europe and two in Asia. Five studies treated the patients twice a week for 3 weeks, then without treatment for 3 weeks, followed by 3 weeks of the same treatments, a total of 18,000 treatments shocks (energy flux density = 0.09 mJ/mm 2 , frequency = 5 Hz). One study executed the treatment once a week for 5 weeks, followed by no treatment for 5 weeks, with 3,000 shocks (energy flux density = 0.15 mJ/ mm 2 , frequency = 5 Hz) each time, leading to 15,000 treatments shocks in total. The last study was designed such that each participant received a round of five weekly treatment sessions with a 4-week interval, with 600 shockwaves (energy flux density = 0.09 mJ/mm 2 , frequency = 5 Hz) for each session; therefore, a total of 3,000 shockwaves were delivered in 9 weeks. IIEF-EF scores were taken as the main results in all the seven experimental studies, but only six studies of the IIEF-EF indicators could be calculated and then for meta-analysis. Five studies reported the results of EHS, and the data can be used for meta-analysis.
All the seven studies were published in journals. RevMan 5.3, developed by Cochrane Collaboration, was used to assess the quality of the study and the risk of bias. In most studies, the risk of bias was low (see Figure 3) .
Effect of Li-ESWT on Mean IIEF-EF Score
The studies by (Fojecki, Tiessen, & Osther, 2017) , Kalyvianakis and Hatzichristou (2017) , and Yee, Chan, Hou, and Ng (2014) concluded that the IIEF did not increase significantly in the treatment group compared with the control group in the 1-month follow-up, while Kitrey et al. (2016) reported that the IIEF increased significantly in the Li-ESWT group compared with the control group. The meta-analysis of the data revealed that IIEF scores in Li-ESWT group were significant improved compared with the sham therapy in the 1-month followup (MD: 1.19 points; 95% CI [0.30, 2.09]; I 2 = 77%, p = .009). In addition, subgroup analysis was performed. According to the follow-up records of 3, 6, 9, and 12 months, Kalyvianakis and Hatzichristou (2017) indicated that IIEF scores had increased significantly in the Li-ESWT group. The overall meta-analysis of the data revealed that men treated with Li-ESWT showed significant improvement in pooled mean IIEF-EF scores from baseline to follow-up compared with sham therapy (MD: 1.99 points; 95% CI [1.35, 2.63]; I 2 = 64%, p < .00001; see Figure 4A ). Subsequently, sensitivity analyses were presented. The result demonstrated that two studies- Fojecki et al. (2017) and Kitrey et al. (2016) -were identified to affect the overall prevalence estimate by an absolute difference of 0.5 point (Table 2A) .
Effect of Li-ESWT on Change in IIEF-EF Score
Changes in IIEF-EF scores were provided in three studies (Kitrey et al., 2016; Vardi et al., 2012; Yee et al., 2014) , and these date were extracted and analyzed, and the results suggested that the change in the IIEF-EF score increased significantly in the treatment group compared with the control group (MD: 3.62 points; 95% CI [2.99, 4.25]; I 2 = 51%, p < .00001; see Figure 4B ). Subsequently, the sensitivity analyses were presented. The result demonstrated that Yee et al. (2014) was identified as affecting the overall prevalence estimate by an absolute difference of 0.5 point (Table 2B) .
Effect of Li-ESWT on EHS Score
The EHS data could be extracted from four RCTs. The scores increased significantly at 1 month after Li-ESWT in all four studies (OR: 16.02; 95% CI [7.93, 32.37] ; I 2 = 38%, p < .00001). The total number of shockwaves in the study by Olsen et al. (2015) was 15,000 while in the other three studies, it was 18,000 (Kitrey et al., 2016; Srini et al., 2015; Vardi et al., 2012) . These results indicated that Li-ESWT improved the EHS of the penis in ED patients, irrespective of the number of shockwaves ( Figure 5 ). 
Effect of Li-ESWT on Severity of ED
Only three studies included patients with moderate to severe ED. Other studies did not classify the disease by severity. In the study of Yee et al. (2014) , IIEF-EF scores were reported in severe ED patients after treatment, while scores of both severe and moderate ED patients had been reported by Kitrey et al. (2016) and Kalyvianakis and Hatzichristou (2017) . IIEF-EF scores increased significantly in the treatment group compared with the control group (MD: 3.95 points; 95% CI [2.44, 5.46]; I 2 = 70%, p < .00001; Figure 6 ). Subsequently, the sensitivity analyses were presented. The result demonstrated that Kalyvianakis and Hatzichristou's (2017) study was identified as affecting the overall prevalence estimate by an absolute difference of 0.5 point (Table 2C) .
Assessment of Publication Bias
Although less than 10 studies were included in this meta-analysis, funnel plots were drawn and Egger's and Begg's tests were conducted for the assessment of publication bias. The asymmetry is minimal by naked eye examination of funnel plots in the mean IIEF-EF score and EHS, which indicates that the pooled estimates were unlikely to produce significant bias secondary to small study effects. The Egger's test and Begg's test supported this finding (mean IIEF-EF score: z = 1.02, p = .076; EHS: z = 1.36, p = .149). All the included studies in this meta-analysis were of a small scale, and reported an improvement during treatment, that is, few publication biases existed. 
Discussion
Li-ESWT, a new therapeutic method for ED, has been increasingly adopted by both doctors and patients in the past 10 years. This systematic review and meta-analysis of seven RCTs involving 522 men demonstrated a statistical improvement in the IIEF-EF score and EHS using Li-ESWT. In the past 5 years, clinical studies and articles on this item have increased dramatically, especially in 2015. And the result of this review indicates that Li-ESWT might clinically improve erectile function in men with ED.
In this review, some studies reported that the therapeutic effect of Li-ESWT group was slightly better than that in the control group, indicating that some patients in the control group had a certain placebo effect (Fojecki et al., 2017; Yee et al., 2014) .
Measurement tools that are validated and widely accepted such as the IIEF and EHS are used in this metaanalysis. It is realized that the IIEF-EF score assessment is a completely subjective indicator. The IIEF-EF score is a generally acknowledged and most important index for evaluating erectile function, which is a validated sixquestion questionnaire that assesses erection frequency, erection firmness, penetration ability, maintenance frequency, maintenance ability, and erection confidence on a scale of 0 to 5 (Clavijo et al., 2017; Rosen et al., 1997) .
The treatment of vasculogenic ED with Li-ESWT is based on the indication of penis cavernous artery flow by color Doppler ultrasonography and is reliant on the timely response of injected vasoactive agents (Vardi et al., 2012) . At present, there are no objective physiological parameters for evaluating the effectiveness of shockwave therapy (SWT) on ED in the world. Because of the differences of race, religion, and culture, there is no uniform standard for objective physiological parameters, which is not applicable to all groups of people. In view of the fact that the IIEF can intuitively reflect the erectile condition of the patient and accurately assess the sexual life of spouses, this become a widely accepted method of assessing erectile function worldwide. The same principle applies to the EHS, which is a scoring system that divides erectile hardness into four different degrees.
In this meta-analysis, the range of improvement in the IIEF-EF score in the Li-ESWT group changes from 2.1 to 7.4. It is undeniable that some studies report that the improvement is neither statistically significant nor necessarily of significant clinical value. It is well known that the minimal clinically significant difference (MCID) of the IIEF can better evaluate the real clinical efficacy of Li-ESWT. One study has reported that the change of 4 points in the IIEF-EF score is the MCID in clinic, which suggests that there may be clinical differences and potential changes in management for patients (Rosen, Allen, Ni, & Araujo, 2011). The use of MCID in the IIEF-EF was recommended as an accurate and meaningful tool for evaluating Li-ESWT treatment in the future. Previous studies have revealed that Li-ESWT could significantly improve blood supply, but the underlying mechanism still been unclear. All the patients in this meta-analysis included researches were diagnosed as vasculogenic ED. In vitro and animal studies have identified that SWT could promote the formation of neovascularization in tissues. With the increase of angiogenesis biomarkers, the tissues can be redistributed (Holfeld et al., 2016; Wang et al., 2003; Yan, Zeng, Chai, Luo, & Li, 2008) . One study has shown that this effect was mainly related to cell proliferation, tissue regeneration, and angiogenesis (Li et al., 2016) . Animal models with diabetic ED were also treated by Li-ESWT in some studies; the phenomenon of regeneration occurs in endothelial cells and smooth muscle, and erectile function was shown to improve (Liu et al., 2013; Qiu et al., 2013) . Whether it is related to neuronal nitric oxide synthase (nNOS) or not is controversial (Assaly-Kaddoum et al., 2016; Qiu et al., 2013) . In 2013, Siegfried et al. reported that Li-ESWT could stimulate the regeneration of damaged nerve fibers. Its potential mechanism was neovascularization by regenerated nerves, which is associated with VEGF and transforming growth factor B (Mense & Hoheisel, 2013) . Li et al. reported that the erectile function as well as the penile blood vessels and nerve tissue demonstrated improved by Li-ESWT in rats with pelvic nerve and blood vessel injury (Li et al., 2016) . It is speculated that microvascular regeneration and improvement of penile hemodynamics are the basic mechanism of therapeutic efficacy of SWT (Pan, Raees, & Kovac, 2016) . During the process of data extraction, it was found that one study by Kitrey et al. (2016) reported data neither on mean IIEF-EF score nor on the change in the IIEF-EF nor on the change in the number of patients before and after treatment. Instead, it provided data such as interquartile range (IQR), median of the sample, and size of the sample. For consistency and comparability of statistical data, the method provided by researchers was used to estimate the sample mean and standard deviation (SD; Hozo, Djulbegovic, & Hozo, 2005; Luo, Wan, Liu, & Tong, 2018; Wan, Wang, Liu, & Tong, 2014) . Fortunately, web page versions through web links (http://www.comp.hkbu. edu.hk/~xwan/median2mean.html) have been provided, and the results could be obtained by inserting the data directly. The purpose of doing so was to make better use of the data provided by the study and it could reflect the effect of Li-ESWT more objectively.
Three similar articles about this topic have been published up to now (Clavijo et al., 2017; Lu et al., 2017; Man & Li, 2018) . Patients with ED, chronic pelvic pain syndrome (CPPS), and Peyronie's disease (PD), or even ED after radical prostatectomy (RP) were included in the meta-analyses published by Lu et al. (2017) and Man and Li (2018) . This would lead to the existence of a heterogeneous population. In addition, the two meta-analyses included both RCTs and cohort studies. With the inclusion of cohort studies, the authors presented their results at a level of 2A evidence. A mistake of the included data in the meta-analysis was found. Lu et al. (2017) and Man and Li (2018) had regarded the baseline data of the study by Vardi et al. as the outcome after Li-ESWT treatment, and it would lead to some deviation in the meta-analyses as well. The meta-analysis by Clavijo et al. (2017) was the first to publish on a homogenous population of men only with ED, and it included only RCTs which could be regarded as level 1A evidence. But only the change in IIEF-EF scores was analyzed in this article; no analysis of other types of data or further subgroup was undertaken. Two abstracts were included in the study by Clavijo et al. (2017) , and the full texts have been published by now, but some data were slightly different from the previous abstracts. Although there were some minor problems, their pioneering work was of great value. Since this article is not the first to report a systematic review and meta-analysis about Li-ESWT for ED, this study differs in the following aspects. The patients included were diagnosed with ED without any comorbidity, the type of studies were RCTs with sham therapy, all studies had been published in full text, and the data were loyal to original research, including the mean IIEF-EF score, the change in the IIEF-EF score, and the EHS. There are also some limitations in this meta-analysis, such as the small samples of most researches; the largest sample size is 122 male patients (Fojecki et al., 2017) . Though all the studies in this review were RCTs, there were some shortcomings. The basic factors for evaluating the quality of the study include randomized details, double-blind implementation, treatment details, and long-term follow-up data. As shown in the risk of bias summary, it was found that some RCTs did not accurately describe the details of randomization or blinding, and the potential bias involved was not clear, which may cause errors in the interpretation of the meta-analysis. In the review, five studies clearly reported that no PDE5i used during the therapeutic period (Olsen et al., 2015) , or there was a period of washout time stage before entering the experiment (Kalyvianakis, & Hatzichristou, 2017; Srini et al., 2015; Vardi et al., 2012; Yee et al., 2014) . Only Kitrey et al. (2016) reported PDE5i usage in the last 2 weeks of the treatment cycle during the SWT phase. No information about the usage of PDE5i was presented in the last study (Fojecki et al., 2017) . In this study, there were increased heterogeneities in mean the IIEF-EF score statistics (I 2 = 77%), which can be attributed to two studies (Fojecki et al., 2017; Kitrey et al., 2016) according to the presented sensitivity analysis, affected the overall prevalence estimate to change by more than 0.5 point. The possible reasons for the heterogeneity might be the different therapeutic regimen and patient selection. The former one could explain the heterogeneity of the study by Fojecki et al. (2017) in which a total of 3,000 treatment shocks were conducted for 9 weeks; the presence of heterogeneity can be explained by the different treatment regimen. The other studies used 15,000 shocks or 18,000 shocks in total. With the least number of shocks, Fojecki et al. (2017) reported a worsened effect in the treatment. Patient selection may be the reason for the better average therapeutic effect in Kitrey et al.'s study. The patients included had vasculogenic ED with moderate and severe levels of severity; these two categories may be more responsive to the Li-ESWT treatment. Omitting the above two studies by Kitrey et al. (2016) and Fojecki et al. (2017) separately and together, the heterogeneity decreased (I 2 = 40%, I 2 = 48%, I 2 = 0%, respectively). In addition, there were increased heterogeneities in the change in the IIEF-EF score statistics (I 2 = 51%) and severity of ED (I 2 = 70%), which can be attributed to Yee et al. (2014) and Kalyvianakis and Hatzichristou (2017) , respectively. As seen from Figure 2 , the machine, total shocks, shock intensity, treatment frequency, and treatment area in the original studies of the two groups of meta-analysis were the same. The difference is that Yee et al. (2014) and Kalyvianakis and Hatzichristou (2017) showed no significant increase in the IIEF score (95% CI [-0.88, -3.88] ) and (95% CI [-0.11, -4 .17], respectively). This may be the main cause of heterogeneities; no other reasons were found.
In this article, Li-ESWT with different shocks, intensities, and lengths of treatment for ED were not yet analyzed, because there was no enough consistent data in the original literature for meta-analysis. Lu et al. (2017) had found that in men with ED or Peyronie's disease, more shock waves reported a significant increase in the IIEF compared with the studies delivering fewer shock waves and it did not reach statistical significance between different shock wave intensities. Surprisingly, treatment course of <6 weeks reported a significant increase in the IIEF than a 9-week treatment. In summary, lower energy density, increased number of pulses, and shorter treatment courses of <6 weeks resulted in better therapeutic efficacy (Lu et al., 2017) . In the upcoming studies, some recommendations that should be put forth: Studies should be randomized; sample should ensure only men with ED; there should be division into different groups according to the shockwaves characteristics; the follow-up duration should be longer than 3 months.
Factors related to ED, such as age, hypertension, diabetes, hyperlipidemia, and psychological disorders, were not elaborated in the original study, and no further information was provided on the relationship between clinical outcomes of Li-ESWT and these comorbidities. With the stratification of age and comorbidities, more RCTs are needed in the future to analyze the impact of these factors on the efficacy of Li-ESWT for ED patients.
This study has important limitations as follows: Most included studies had small samples-the largest had only 122 men in the meta-analysis; the follow-up in five studies seems very short (only 1 month); no objective parameters were provided in the original studies; there was no unified protocol of Li-ESWT on ED in the included studies. Maximizing the improvement of erectile function may be critical to patients with ED, and the combination of Li-ESWT and PDE5is may be the best choice (Lu et al., 2017) . To independently determine the efficacy of Li-ESWT, studies should prohibit any other treatment that might affect erectile function to avoid confusion. Therefore, more RCTs with good research designs are needed in the future.
Conclusion
This meta-analysis assessed the effect of Li-ESWT treating ED. The EHS and IIEF-EF score in men received Li-ESWT improved significantly. Setup parameters and treatment protocols are very important for the efficacy of Li-ESWT in the treatment. Further studies are needed to explore the relationship between ED-related factors and the efficacy of Li-ESWT, and to analyze the effect of Li-ESWT combined with PDE5is. From this review, Li-ESWT may have the potential to become the first choice of noninvasive treatment for vasculogenic ED (Pan et al., 2016) , but before that, more strict RCTs are warranted prior to widespread acceptance of this treatment.
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